LTHOUGH Schuller ' -' ' in 1910 had first suggested the deliberate section of the anterolateral spinal cord for the relief of pain, it was not until 2 years later that Martin, at the urging of Spiller, ~6 performed the initial dorsal cordotomy in man. Foerster 4 is credited with having done the first cervical cordotomy.
Concern that high cervical cordotomy would lead to respiratory disturbances, particularly when bilateral, was expressed early, s and reports of apnea and death consequent to the procedure have been recorded. 1~,-~; Ogle, et at., 1~ established that respiratory dysfunction must be considered a calculated risk with cervical cordotomy. They described a transient paresis of the ipsilateral intercostal muscles and diaphragm following high cordotomy in almost all cases, whether symptomatic or not. The paresis was thought to be secondary to disturbance of the motor cells or suprasegmental motor tracts supplying the diaphragm and auxiliary muscles of respiration. However, no anatomical evidence was presented to support this conclusion so that this hypothesis, to the exclusion of involvement of other neural segments of the controlling mechanism of respiration, remains presumptive.
Belmusto returned 2 weeks later with cyanosis and a respiratory rate of 2 per minute, precipitated by a single normal dose of a barbiturate; when she recovered from this acute disturbance, her respiratory efforts were ineffective and she required assistance during periods of natural sleep, thus highlighting the problem of sleep-induced apnea. They concluded that respiratory impairment was caused by the interruption of descending respiratory pathways rather than damage to lower motor neurons and they supported the suggestion that the centrifugal route of the respiratory impulses from the medulla traversed the anterolateral quadrant of the spinal cord through the lateral and ventral reticulospinal tracts.I,'%19 Later in the same year, Nathan ~ made a series of intraoperative bronchospirometric recordings that demonstrated a reduction in tidal volume of the ipsilateral lung, which became profound within 2 hours after cordotomy. The chest became immobile in the inspiratory position, and electromyograms showed so great a decrease in activity that movement of the thorax was impossible. Movement was restored within a week, but delayed in onset and reduced in range. Data from postmortem studies corroborated the location of respiratory system fibers in the ventral spinal cord. The descending motor pathways were again implicated although Nathan noted that the early onset and the degree of recovery might not be consistent with such a hypothesis. Alternative pathways suggested by the experiments of Tosatti =' 9 were considered.
The phenomenon of diaschisis was also considered; this is the transient state of diminished or abolished function of a region anatomically remote but functionally related. It is thought to be precipitated by the sudden withdrawal of sources of excitation consequent to the section of the spinal cord. Na-620 than also observed that voluntary attention to respiration helped the performance of this basically automatic function and that maintenance of ventilation was related to the amount of excitation reaching the respiratory center. Consciousness and effort both contributed to the total level of excitability and augmentation of activity. The failure of respiratory center automaticity during sleep was confirmed anew. 2~ Nathan almost suggested an implication of the afferent segment of the respiratory pathway, as yet anatomically undefined, but he ended by concluding, like others, that descending respiratory fibers are disrupted and that they are mediated through the reficulospinal or olivospinal tracts. Belmusto, et al.fl demonstrated electrical inspiratory and expiratory potentials during respiration and also concluded that this represented activity of descending motor pathways transmitting through the reticular system. These conclusions may be correct, but there must exist an afferent input involved in this phenomenon.
Despite the continued advocacy of open cervical cordotomy in the face of the established risk of apnea, 6,-~4 only one study has been reported concerning the evaluation of pulmonary function preparatory to surgical cordotomy. Hitchcock and Leece, 7 in 10 patients, did measure vital capacity, forced expiratory volume in 1 minute, and peak expiratory flow rate, in addition to diaphragmatic movement. They found an initial reduction of 45% in vital capacity with rapid recovery in patients who originally had no respiratory disorder; no guidelines were offered regarding selection of patients.
With the advent of percutaneous techniques in which general anesthesia or potent pharmacologic agents need not be used; it was hoped that respiratory complications would be minimal. Such did not prove to be the case, although the incidence was lower than that in open cordotomy21'13-1"~'zl Rosomoff 22 reported none for unilateral cordotomies in a series of 200 patients; there were, however, three instances of apnea (4%) among the 75 patients who went on to bilateral cordotomy. In this same series 10 additional patients who had precordotomy pulmonary dysfunction showed symptoms suggesting aggravation by the cordotomy. This could not be established by clinical or postmortem examination, so a detailed study was carried out in 41 patients. The intent was to evaluate parameters that might indicate those patients who would be likely to develop this life-threatening complication. No parameters with prognostic capability could be defined, although the syndrome of sleep-induced apnea was clearly delineated. 2s The present report gives the details of an extension of this study.
Case Material and Methods
The 48 patients selected at random included 23 men and 25 women. Their mean age was 54, with a range of 26 to 84; 35 patients were in the fifth to seventh decade. The etiology of the pain for which the cordotomy was done was a malignancy in 20 cases and non-malignant disease in 28 (Table 1) . Eleven patients had abnormalities demonstrated in preoperative chest x-ray films. The lesions included three old apical disease, six emphysema, three lung metastases, one lung cancer, and one status postthoracotomy.
Pulmonary function screening prior to cordotomy consisted of measurements of lung volumes, diffusion, flow rates, respiratory muscle strength, regularity of breathing, responsiveness to carbon dioxide inhalation, and fluoroscopy for movement of the diaphragm ( Table 2 ). The vital capacity (FVC), the 1-sec forced volume expressed as a percent of the vital capacity (FEV/ VC), and the maximum breathing capacity (MBC) were measured on a 9-liter spirom- 
